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Aluminium paper foils are often used for packaging of the curd or the butter. The strength of the metal and the flexibility of the paper provide very good conditions for the packaging. Knowledge of the tensile properties and the oxygen permeability of the composite metal-paper materials are very useful for their design and production. Wilbrink (2011) presented that paper and paperboards are widely used in packaging for transportation, storage and retail. Increasing demands on the shapes and mechanical durability of these products require innovation of their manufacturing techniques. First, the geometric and mechanical properties of the network of which paper consists were analysed. An inventory of the models that have been used to model paper's in-plane mechanical behaviour was given, in which a distinction was made between continuum models and discrete models. Gurav et al. (2003) investigated the mechanical properties of paper-pulp packaging. This included the determination of tensile and compressive strength of paper-pulp packaging and also finding out whether this material exhibits high variation in the earlier properties. Experiments were conducted on paper-pulp packaging used for the packaging of video recorders. Kibirkštis and Kabelkaité (2006) were interested in determination of mechanical characteristics of qualitative and defective paper/paperboard, and the effect of printing processes (one-side and two-side printing) on mechanical characteristics of the mentioned polygraphic materials. Božiková and Hlaváč (2012) presented thermal properties of selected cheeses.
The properties are very important for decision which packaging material is suitable of package of the different cheeses. Vozárová et al. (2011) introduced methods for moisture content, electrical properties and thermal behaviour of food materials. The possibilities of the packaging are directly dependent on the knowledge of the all parameters evaluated on the basis of these methods. Mechanical properties of butter and curd aluminium paper foils Radaflex such as max. elongations, max. tensile forces, tensile strengths, tensile indexes and strain at breaks of the longitudinal and transversal specimens were evaluated.
MATERIAL AND METHODS
Butter and curd aluminium paper foil Radaflex (Radaflex s.r.o., Trnava, Slovak Republic) is a composite foil which consists of four layers. Aluminium layer has the thickness of 9 µm and the surface mass 23 g/m 2 , wax layer with the surface mass 13 g/m 2 , paper layer with the surface mass 45 g/m 2 and sub paint layer with the surface mass 1 g/m 2 . Total surface mass is 83 g/m 2 . Thickness of the foil is 80 mm. Tensile test. Examinations were realized by means of the standard STN EN ISO 1924 ISO -2 (2009 . Samples were cut in the longitudinal and transversal direction on the dimensions 150 × 15 mm. Initial length of samples was 150 mm and initial cross section area was 1.2 mm 2 . Thickness of the samples was 80 mm. Ten specimens of the foils were used of each sort. In this test, a load was applied along the longitudinal axis of a test specimen. The applied load and the resulting elongation of the member were measured. The process was repeated with increased load until the desired load levels were reached or the specimen breaks. The tensile behaviour was monitored on the motorized test stand Andilog Stentor 1000 (Andilog Technologies, Vitrolles, France) with max. reached force about 37 N for longitudinal samples and about 42 N for transversal samples (Fig. 1) . The force F (N) and elongation δ (mm) were measured when the speed of flat grip fixtures was 20 mm/min and data were stored in the xls format in the computer by means of analogue to digital converter and software RSIC v 4.06 (Andilog Technologies, Vitrolles, France). The force and elongation were transformed by means of the software Microsoft Office Excel 2003 (Microsoft, Redmont, USA) on the tensile stress σ (MPa) and the strain ε (mm/mm). The tensile stresses σ (MPa) were determined from the equation:
where: F -force (N) S -initial cross section area of the foils (mm 2 )
The strains ε (mm/mm) were determined as a change in the specimen's gage length from the equation:
where:
Tensile modulus of elasticity E (MPa) was defined from the equation:
where: (kN/m) is max. tensile force referring on the unit of the width, which paper suffers before the breaking. The max. tensile force of each specimen was determined. The average max. tensile force was calculated and then the tensile strength was evaluated from the equation: Res. Agr. Eng. Vol. 60, 2014, No. 4: 172-179 (kNm/kg) was defined from the equation:
Max. strain at break ε T (%) was defined as the percent of the initial length of the specimen from the equation:
The max. elongation was measured at the moment of breaking of the sample.
Oxygen permeability test. Methods of detection and measurement of parameters of permeability of packaging materials of gases are specified in the Standard STN EN 77 0333 (1987) . The method was modified for the conditions of our test. Basis of the test of the isobaric method is the determination of the concentration of the testing gas, which diffused through the tested material from the chamber filled with pure testing gas to the chamber with the air. The samples have to be planar, pure and without mechanical damage. The temperature and the moisture are continually controlled. The dimensions of volumes V 1 , V 2 and area S were determined before the test, where V 1 is the volume of the upper chamber of the testing vessel measured with the precision of ± 5%, V 2 is the volume of bottom chamber of the testing vessel with the precision of ± 5% and S is the testing area of the sample.
The upper chamber was perfused with the testing gas and the bottom chamber with the air before the measurement as long as the homogenous environs was reached in the each of the both chambers. The suitable flow of the both gases was about 600 cm 3 /min. The time of the perfusion had to be at least 30 min and it was prolonged if the material was less permeable. The supply of the testing gas was stopped after the perfusion and all valves of the both chambers were closed. The time of the permeation of the testing gas through the sample was started at the moment. The diffusion of the gas between both chambers was in the progress for a period of 24 hours. The digital oxygen meters Mesura (Pierron, Sarrguemines, France) were applied for measurement of the amount of diffused oxygen.
The coefficient of permeability P was obtained from the increasing concentration Dr p of the gas permeated through the foil to the calibrated volume V in the time Dt because the oxygen probes measured the relative concentration of the oxygen and the absolute values of concentration had to be calculated from the tabulated values of the air and oxygen at the real conditions. Zeman and Kubík (2012) declared basic permeability parameters. Coefficient of permeability P can obtain from the equation:
where: r i -density of the gas in the initial volume (kg/m 3 ) Dr p -increase of the density of the gas transferred into calibrated volume (kg/m 3 )
h -thickness of the foil (m) Dt -time of the duration of the diffusion (days) S -area of the foil (m 2 )
R -universal gas constant, R = 8,314 J/kmol·K T -temperature (K)
We can also obtain permeability of the membrane P x (m 3 /m 2 ·s·Pa) from the equation:
where: M -molecular mass (kg/mol)
The solubility coefficient S p (mol/m 3 ·Pa) can be calculated from the equation (Pauly 1999):
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RESULTS AND DISCUSSION
Tensile diagram of butter and curd aluminium paper foil Radaflex for one longitudinal specimen is presented on the Fig. 2 . Max. tensile force obtained from diagram was 36.061 N and max. elongation was 0.349 mm. Determination of modulus of elasticity of the specimen was provided on the basis of Eq. (3) and the stress-strain dependence on the Fig. 3a . Modulus of elasticity was the slope of the linear dependence. Tensile diagram of butter and curd aluminium paper foil Radaflex for one transversal specimen is presented on the Fig. 3b . Max. tensile force obtained from diagram was 42.50 N and max. elongation was 10.739 mm. Determination of modulus of elasticity of the specimen was provided on the basis of Eq. (3) and the stressstrain dependence on the Fig. 4 . Tensile properties as: modulus of elasticity of longitudinal specimens maximal elongations, maximal tensile forces, tensile strengths, tensile indexes and strain at breaks of the longitudinal and transversal specimens were evaluated on the basis of Eqs (3-6) and they are presented in the Tables 1 and 2 . Standard deviations of the longitudinal quantities were about 5.6% only elongation and strain at break had the standard deviation about 12.1%. Standard deviations of the transversal quantities were about 3.5% only elongation and strain at break had the standard deviation about 27.1%. Bigger values of the standard deviations were caused by the dispersion of the measurement of the elongation on the tensile stand. Average value of modulus of elasticity of longitudinal specimens was 35.662 GPa and modulus of elasticity of transversal specimens was 1.726 GPa. Schröder and Bensarsa (2002) present the values of the moduli of elasticity 3.680 GPa for dry paper and 19.370 GPa for dry paper fibres. We can see from the Fig. 5 that the correlation dependence was not obtained between moduli of elasticity in the longitudinal and transversal directions. The foil has different elastic properties in the longitudinal and transversal directions. Holik (2013) presents the tensile indexes of the pulp from 30 to 40 kNm/kg, which is in good agreement with our measurements in Tables 1 and 2 Res. Agr. Eng. Vol. 60, 2014, No. 4: 172-179 samples were from 2.4 to 2.7 kN/m. Our results of the strain at break were from 0.2% for longitudinal samples and 7.5% for transversal samples. Differences were caused by the moisture in the samples.
The permeability of pure oxygen (99.5%) through aluminium paper foils was also studied. Thickness of the samples was 80 mm. The conditions of measurement are described in the Table 3. The   Table 2 . Results of tensile properties of transversal specimens Vol. 60, 2014, No. 4: 172-179 Res. Agr. Eng. Fig. 6a . Dependence of the volume concentration of the oxygen on the time in the bottom vessel during the test is presented in the Fig. 6b . We can see that dependency on the Fig. 8 is linear and constant. Change of the volume concentration of the oxygen during 24 h was only 0.9% of the initial volume concentration. Aluminium paper was not permeable for the oxygen. Permeability parameters such as the permeability and the solubility coefficient were not determined. Res. Agr. Eng. Vol. 60, 2014, No. 4: 172-179 Vol. 60, 2014, No. 4: 172-179 Res. Agr. Eng.
